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INTRODUCTION.
The suujQct of this thesis wa-s selected as one on which
very little data v^as aa yet available. After a long search for
information on the subject it was found that four men had con-
ducted experiL'ien ts on the flov/ of water throu^jh gate valves.
These four were Weisbach, Kuichling, Folwell and Thomas,
Weisbach conducted his experiments about thirty years ago
on small valves up to about 2-1/2 inches in diameter; Kuichling
investigated a large valve 24 inches in diameter; Polvvell made a
few experiments on a 4 inch gate valve and Thomas in a thesis for
the degree of Bachelor of Science at the University of Illinois
in 1906, tested one inch and two inch valves for the cause of
loss of head. In viev/ of the fact that nothing v/as as yet knov/n
regarding the loss of head in gate valves between 4 incnes and
24 inches we decided to concentrate our efforts on valves o inch-
es and over in diajaeter and if possible determine a law that
would cover in a general way all sizes of valves.
The experiments were conducted in the Hydraulics Laboratory
of the University of Illinois v/hich has excellent facilities for
carrying on such experiments.
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2METHOD OF EXPERIMKNT
.
Pressure was obtained from the sixty foot stand-pipe in the
Laboratory, the level of water being kept constant at any height by
a Snow Steam Pump with a Fisher altitude govenor.
The water flowing from the stand-pipe, through the valve to
be tested was discharged into a sump, from which it was again pump-
ed into the stand-pipe. Thus the same water was used over and over
again.
A 6 inch valve made by the Ludlow Valve Manufacturing Co.,
was first selected. The pipe leading from the valve emptied into
an orifice box 4 ft . x 4-1/2 ft. x 6-1/2 ft. inside measurements,
the valve being 2 ft, 6 in. from the end of the pipe which dis-
charged into atmospheric pressure. A Bourdon gage was connected
6 in. below the valve, the reading on the gage giving the pressure
head, which added to the elevation head gave the head lost in the
valve and pipe . The head on the orifice was measured by a cali-
brated tube on one side of the box and the quantity calculated from
the formula,
= c F "^2 g H
in which q is the quantity in cu. ft. per second, F the area of the
orifice, H the height of water above the center of the orifice in
feet, g the acceleration of gravity or 32.2 feet per second per
second and c a constant depending upon the shape of the orifice and
the height of water. The value of c was taken from tables in
Merrimans Hydraulics. After a large number of readings had been
I{
I
taken with the six inch orifice it was found that this size was not
large enough to perform the experiments. It was therefore decided
to abandon this method of procedure and adopt another which will now
be described.
Another 6 inch valve made by the same company and situated
on the south side of the basement of the laboratory was selected
because it could be made to discharge into a large measuring pit
about 5 feet and 8.02 feet in depth and diameter. The pipe on both
sides of the valve for a considerable distance was horizontal which
eliminated the necessity of taking into account any loss due to ele-
vation. Two 1/4 inch holes were drilled in the pipe, one 2 feet
above the valve and the other 18 feet below the valve. Into each
hole was inserted a connection to which was attached a Bourdon gage.
The elevation of the water in the pit was taken by means of a level
rod at the beginning and end of a certain interval of time. The rod
was first set at a certain point, the time being recorded when the
water reached the rod. It was then raised a known distance and the
time noted when the water again reached it. An ordinary Elgin
watch was used to catch the time. The rate at which the water was
discharged from the pipe was determined by multiplying the rise of
the water by the cross-section area of the pit and dividing this re-
sult by the time. The loss of head in the pipe alone between the
two pressure gages due to friction was calculated from Merriman's
tables. The difference in the reading of the two pressure gages,
after the loss in the pipe had been deducted, gave the loss due to
the valve alone. The best method which we knew of to determine the
percentage of opening of the valve was by finding the number of the

41
turns necessary to open the valve entirely and then count the number
of turns each tirae a reading was taken. The number of turns neces-
sary to open the valve completely was found to be 14-1/2. The valve
was taken apart and it was found that 3 turns would open the valve
1 inch. Owing to the fact that the valve was forced into a seat
after the opening was closed it was necessary to determine the num-
ber of turns required to raise the valve from its seat to the posi-
tion at which water would just begin to flow. To obtain this, a
1/4** hole was bored in the bottom of the pipe just below the valve.
The valve was then opened very slowly and the number of turns noted
at just the moment tlie water ran out of the hole. This distance
was found to be 1-7/8 turns. It was found that the valve could be
turned 12-7/8 turns from this point. We therefore assumed the extra
7/8 turn to be used in pulling the gate up into the hood of the valve,
Measurements taken when the valve was apart checked our supposition
and our observations. Before each reading was taken the valve was
opened from a closed position to the required opening so as to avoid
any motion lost in the backward turn of the valve. The number of
turns in the tables and curves is the number from the point at which
water just began to flow.
These results when plotted appeared to be inaccurate or at
least did not follow any uniform law. It was therefore decided to
discard these results and adopt more efficient methods of measure-
ment. A stop watch was used in place of the ordinary watch to de-
termine the exact time of flow in the pit. In the first experiments
a great deal of difficulty was experienced in observing the elevation
of water in the pit. The pipe discharging into one side of the pit

in an almost horizontal direction with a high velocity caused a
swirling motion which in turn caused the water to rise on the sides
of the pit higher than in the center. This was overcome in the
later experiments by using a curved pipe which discharged the water
vertically downward into the pit. The Bourdon pressure gages were
discarded and in their place was used the differential pressure gage
shown in the diagram Figure The gage consisted of a U-tube half
full of mercury. A rubber tube connected the top of one side of
the gage to the pipe, being attached to the pipe 2-1/2 feet back of
the center of the valve. A tube connected the top of the other
side of the gage with the pipe 18-1/2 feet beyond the center of the
valve. A stop cock was placed at the top of each side of the gage
to permit any air to escape from the tubes. The scale was gradu-
ated to read the difference in pressure directly in feet. With these
changes, the rest of the experiments were carried on and resulted in
accurate data.
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9RESTJLTB AND CONCLTTSIONn
.
The average values of "m" in the equation H = ra sis
calculated from those in tables II and III, as well as thdse obtain-
ed by Kuichling and Weisbach in their experiments referred to in the
introduction to this thesis are shown in the following table.
5 ize
of
Valv/e
Ratio of Height of QpQfWoq to DKameter of Pipe
/
7
, 3
4/-'
5
&
1
2 '--
3
a
1
4 a
Kuichling 24 1.0 /.J 8.6 221 Z5J
Weisbach 2'
.01 026 0.81 21 5.5 170 98.0
V\o-\e H 6" LO 1. /.
.
lA, 2.5,. 57 2/.0 116.0
Plate EZ" a" 05 0.6. /.I ^7 6 9 2/.2 1220
0^4*' 0^ Plate V shows the agreement between the values found in these
experiment f3 and those of Weisbaoh and Kuichling.
These experiments also show the action of the valve in stox)-
ping the flow of water. It is seen from Plate V that very little
loss takes place until the valve is 5/4 closed. Beyond this point
the loss increases very rapidly until the valve is completely shut.
This shows that the valve can be over 3/4 closed before any appreci-
able effect is noticed upon the flow of water through it.
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